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sequently, inspecting the entire disc is extremely time-consuming. In
addition, track pitch vari- Background of the invention
ations of significance may occur in spatial Field of the invention
patterns which are relatively large as compared The present invention
relates to data storage    5    with the microscope field of view. While it
may be media, and more particularly relates to a method     possible to
detect the existence of an individual and  apparatus for measuring  the
spacing           track pitch variation of this kind, patterns of between
adjacent tracks in a data storage           occurrence of such deviations
may easily elude medium. The invention is especially adaptable to     the
observer. In addition, because the visual field track pitch measurement in
connection with   10   of the microscope covers such a tiny portion of a
optical discs.                                        group of tracks, it
is difficult to compare observed track deviations between different
observations Brief description of the prior art                   through
the microscope, even those covering The optical disc is a high density
information      relatively closely spaced fields, so as to correlate
storage medium which is used to record tele-   15   observed deviations and
thereby obtain infor- vision program material for later playback as well
mation concerning deviations of a particular as for other uses such as
computer data storage.     track. Optical discs are typically made of a
durable,        It will, therefore, be appreciated that there is a clear
plastic material formed in a disc approxi-      need for an apparatus
capable of provided mately the size of an LP phonograph record.   20
accurate measurements of variations in the spac- Information is stored
inside the disc in an embed-    ing of adjacent tracks in an information
storage ded surface having a uniform optical property         medium such
as an optical disc. Further, there is a such as reflectance. Tiny indicia,
or areas in the    need for an apparatus capable of providing surface
having the uniform  optical property          accurate measurement of track
pitch in an optical altered, for example having decreased reflect-   25
disc over the entire information area of the disc in ance, are sequentially
arranged on the surface in    a relatively short amount of time. the form
of tracks. These tracks are arranged as       The present invention
satisfies these needs. concentric circles or as a single continuous spiral.
Information is represented in the variation in the   Summary of the
invention spatial frequency of the indicia in the track, as well   30  The
present invention resides in an apparatus as in the relative size of the
indicia as compared    for measuring the spacing between adjacent with the
"lands" of unaltered surface between         information tracks on an
information storage them. For example, one common form of optical
medium, such as an optical disc. A spot of light is disc, used in the
recording of video information,     projected onto at least a portion of a
first track, has a reflective surface embedded in the interior   35   and a
photodetector detects the amount of light of the disc, in which the indicia
are tiny parts.     reflected off of the disc in a predetermined direc-
Optical discs provide high density information     tion and provides an
output electrical signal storage by virtue of the extremely small size of
representative thereof. The apparatus maintains a the
information-containing indicia which make up      substantially constant
lateral spacing of the spot the tracks of the disc, and the small
track-to-track    40    of light from a second track which is parallel to
the spacing, or "pitch". Such indicia typically vary in   first track.
Relative motion is provided between length in a range from approximately
0.75 pn to      the spot of light and the disc in a direction 1.25 [err].
Track pitch is typically of the order of 1.5  substantially parallel to the
second track. In this to 2.0 pm.
way the spot of light is scanned along the first In order to monitor the
quality of the optical   45   track maintained in a substantially fixed
relative disc manufacturing process, it is desirable to have  spacing with
respect to the second track. The the capability to measure track pitch
deviations     spatial distribution of light which emerges from with a
sufficient degree of accuracy so as to be     the medium  provides a
measurement of the able to not only detect the presence of track pitch
relative spacing between the two tracks. For variations, but also to detect
the characteristics of   so   example, the amount of light reflected from
the those variations, for example, spatial frequency.     disc which can be
detected at a particular location Knowledge of the characteristics of track
pitch      can be related directly to track pitch. variations can aid in
pinpointing those defective      The present invention provides several
impor- or marginal components which are their source.       tant advantages
over the prior art. To begin with, Such knowledge can also be used to
ascertain   55   the invention allows direct measurement of track- whether
the track pitch variations are of an         to-track spacing, or pitch, in
real time as an optical unacceptable magnitude.
disc is scanned. This measurement is in the form Until now, however, the
method employed in          of an electrical signal which can be related
quan- commercial.. optical disc manufacture to detect      titatively to
the actual instantaneous track pitch. track pitch variations directly has
been to put the    60    This signal can be used to drive, for example, an
disc under a microscope and have an individual        oscillograph to
obtain a permanent record of the. look at various areas on the disc. This
has not      track  pitch of an  entire optical disc. This proved to be a
very satisfactory technique            represents a major improvement over
prior art because the disc is very large compared with the     approaches.
field of view  of the microscope and, con-   65        Secondly, the
present invention can be con- 2   



3                   0 081  786                       4 structed by
performing just a few minor modifi-        Figure 16 isa graph
showingaplotof the output cations to existing commercially available
optical   of a photodetector detecting the light reflected disc player
apparatus. Thus, advantage may be        from a spot of light in the
vicinity of the two tracks taken of existing commerciallyavailable
devicesto    shown in Figure 15; relatively easily achieve the precision
which is    6  Figure 17 isa graph showingaplotof the output needed to
practice the invention in connection       of a photodetector detecting the
reflected light with high density optical discs.                     from a
light spot 58 shown in Figure 15, plotted It will be appreciated from the
foregoing that the  against track spacing; present invention represents a
significant advance     Figure 18 is a graph showing a plot of a in the
field of optical disc manufacturing quality   to   photodetector output
versus tirhe obtained from control, as well as in the field of measurement
in   scanning a disc according to the principles of the general. In
particular, the invention provides a     present invention; rapid and
highly accurate apparatus and method         Figure 19 is a block diagram
of an arrangement for measuring the track-to-track spacing in infor-   of
electronic instruments for monitoring and mation storage discs, especially
optical discs.   15   recording track pitch deviations detected in Other
aspects and advantages of the present          accordance with the
principles of the present invention will become apparentfrom thefollowing
invention; more detailed description, taken in conjunction         Figure
20 is a view of a track and light spot with the accompanying drawings.
configuration according to a further embodiment 20   of the present
invention; Brief description of the drawings                      Figure 21
is in a graph of a plot of a photodetec- Figure 1 is a perspective view of
a section of a   tor output in the vicinity of the two tracks shown in
optical disc;                                        Figure 20; Figure 2 is
a plan view of a small section of the    Figure 22 is a view similar to the
view shown in recording surface in an optical disc;           25    Figure
20, only showing a slight track pitch devia- Figure 3 is a cross-section
view through lines     tion; 3-3 of Figure 2;
Figure 23 is a graph showing a plot of a Figure 4 is a graph showing a plot
of the output   photodetector output for a spot of light in the of a
photodetector detecting the reflecting light   .    vicinity of the two
tracks shown in Figure 22; from a spot of light reading the track shown in
30   Figure 24 is a view similar to that shown in Figure 3;
Figure 20 only showing a relatively large track Figure 5 is a plan view of
a portion of three      pitch deviation; information tracks on an optical
disc;                 Figure 25 is a graph showing a plot of a Figure 6 is
a plan view as in Figure 5, only       photodetector output of a spot of
light in the showing a track pitch deviation;               35   vicinity
of the two tracks shown in Figure 24; Figure 7 is a plan view of a portion
of three        Figure 26 is a graph showing a plot of the output tracks,
showing a configuration of spots of light    of a photodetector detecting
the light reflected imaged thereon in accordance with the principles
from the spot of light 184 in Figure 24, plotted of the present invention;
against track spacing; Figure 8 is a graph showing a plot of the output
40  Figure 27 is a block diagram of an arrangement of a photodetector
detecting the light reflected     of components for detecting large
deviations in from a spot of light in the vicinity of the three tracks
track pitch; shown in Figure 7;                                     Figure
28 is a view of a track and light tracking Figure 9 is a schematic diagram
of an optical      configuration according to a still further embodi-
system constructed according to the principles of   45    ment of the
present invention; the present invention;
Figure 29 is a graph showing the plot of a Figure 10 is a view showing a
track and a light    photodetector output for a spot of light in the spot
configuration produced by a conventional        vicinity of the two tracks
shown in Figure 28; optical disc player apparatus;
Figure 30A is a view of an optical configuration Figure 11 is a diagram of
three photodetectors   50   such as used in connection with several embodi-
such as used in a conventional optical disc player   ments of the present
invention; apparatus;                                             Figure
30B is a view of a rotatable optical cube Figure 12 is a block diagram of a
portion of a     showing its influence on an imaged beam of light tracking
servo system of a conventional optical      as it is rotated; disc player
apparatus modified in accordance with   55  Figure 31 is a view of a track
and light spot the principles of the present invention;
configuration produced by the optical configura- Figure 13 is a view
similar to that shown in       tion shown in Figure 30A; Figure 7, only
showing a track pitch deviation;        Figure 32 is a view of the
detecting surfaces of Figure 14 is a graph showing a plot of the output..
three photodetectors used in connection with the of a photodetector
detecting the light reflected    60   optical arrangement shown in Figure
30A; from the spot of light in the vicinity of the two      Figure 33 is a
view of a track and light spot tracks shown in Figure 13;
configuration according to a still further embodi- Figure 15 is a view
similar to that shown in       ment of the present invention; Figure 13,
only showing a different kind of track      Figure 34 is a view of an
optical arrangement deviation;                                     65
used to generate the track and spot configuration 3  



5                   0 081  786                        6 shown in Figure 33;
surface is flat and reflective and, consequently, Figure 35 is a view of a
track and light spot       most of the light is reflected back in the
direction configuration according to a still further embodi-    of the
objective lens. In fact, most of the light ment of the present invention;
reflected at position B passes back through the Figure 36 is a diagram of
an optical configura-    5    lens as depicted by arrow 36. tion used to
generate the track and light spot         Optical disc player systems which
employ the configuration shown in Figure 35.                    objective
lens configuration depicted in Figure 3 utilize a photodetector which
detects the laser Detailed description of the preferred embodiment
light which is reflected back through the objective Figure 1 is an
orthogonal view of a section of an    10   lens. optical disc. The disc 10
is circular, roughly the     Figure 4 shows a plot 42 of the output of such
a size of an LP phonograph record, and has a           photodetector for a
player system detecting the central aperture 12 to permit the disc to be
placed  light from a spot of light reading the section of on a spindle (not
shown) for high speed rotation.    track depicted in Figure 3. In the
interior of the disc 10 is an information    15  Figure 5 depicts a portion
of the three tracks 18, storage surface 14 having an area corresponding
20 and 22 shown in Figure 2 and the imaged spot in size approximately to
the grooved area of a       32 of reading laser light centered on the
center phonograph record. This information-storage sur-     track 20.
Individual indicia are not shown because face 14 has a uniform optical
property, such as      they do not play a role in the practice of the
reflectance or transmittance. Arranged through-   20    present invention,
except in that the indicia cause out this surfac 14 in sequential fashion
in tracks   the average level of reflectance in a track as it is having a
spiral configuration are a series of        scanned to be less than that in
the area between indicia, or tiny areas in the surface which affect
tracks. light differently than the surface surrounding         As
previously mentioned, the spot 32 of light is them, for example, by causing
scattering of the    25    not a point, but rather the spot 32 occupies a
light reflected therefrom as compared with uni-      roughly circular area
centered on the track 20. The form mirror reflection from the surrounding
sur-     spot 32 defines an area where only the major face.
portion of the reading laser light is incident on the Figure 2 is a plan
view of a small section of the  disc, while other components of the light
beam 28 information-storage surface 14 of the disc 10   30   (Figure 3),
such as defraction components, lie shown in Figure 1. Three adjacent tracks
of indicia  outside of the area of spot 32 shown in Figure 5. 16 are shown,
identified by arrows 18, 20 and 22.    This fact plays a role which is
discussed further As can be seen, the indicia 16 are arranged
below. Nonetheless, most of the light from the sequentially in each track,
defining areas having    beam falls within the spot 32 shown in Figure 5.
In optical properties altered  from  the  optical   35    a player the spot
32 is moved along the track 20 in properties of the "lands" 24 of
reflective material  a direction depicted by arrow 44, and the spot 32
between them.                                        thereby scans along
the track. Figure 3 is a cross-sectional view through line      Figure 6
shows three tracks 46, 48 and 50 3-3 in Figure 2, showing a cross-section
of a        wherein the centre track 48 deviates from the segment of track
22. A beam 26 of reading laser   40    desired position with respect to the
adjacent light imaged by an objective lens (not shown) is     tracks 46 and
50. In fact, it will be noted that the shown centered over a pit 16 in a
first position A.  center track 48 nearly contacts the upper track 46. The
light beam 26 is also shown at a second          This configuration is
shown as a "kissing track" position B over a land 24. It will be understood
configuration and it can cause two principal kinds that the track 22 moves
laterally with respect to   45    of problems. First, most optical disc
players the light beam 26, as depicted by arrow 28, and      include a
tracking servo system to maintain the therefore the beam position 8
corresponds to a       spot 32 of light centered on the track which is
later point in time than position A in the scanning  being read. Such a
servo system has limits, and process.
those limits can be exceeded. For example, in the The beam 26 of reading
light is imaged to a spot   50   case depicted in Figure 6 the abrupt
deviation of 30 on the track 22. In position "A" the spot 30      the track
48 from its desired configuration and the overlaps a pit 16 which diffracts
a substantial      close proximity to the adjacent track 46 can portion of
the light as depicted by arrows 32.       provide an ambiguous
instantaneous state for the Some of the light reflects back toward the lens
in   servo, and the spot 32 of light may actually leave the direction of
the incident beam 26, as depicted    55   the track 48 and start tracking
on the adjacent by arrow 34. However, due to the diffraction,        track
46, as shown by arrow 52. This condition can some of the light is reflected
off into different    lead to skipping from track to track, similar to the
directions, and therefore not all of the light passes  effects produced by
a scratch on an LP phono- back through the objective lens. Other effects
graph record. such as phase cancellation of portions of the light   60
Second, even if the tracking servo system main- reflected back through the
objective lens also       tains the spot 32 centered on the track 48, in
the -serve to decrease the amount of light detected      vicinity where the
two tracks 46, 48 come when the spot 30 is on a pit 16.
together, a much greater amount of the light In position B the beam 26 of
reading laser light   outside the boundary of the spot 32 is incident on is
imaged onto the surface of a land 24. This   65   the adjacent track 46,
and consequently, the level 4 



7                   0 081  786                       8 of "cross talk", or
signal pick-up from the adjacent  wavelength plate 82, the polarization of
the track 46 rises considerably.                         reflected light is
rotated by [err] with respect to the The present invention is concerned
with detect-    incident light beam 72. This back-reflected light is ing
this kind of track pitch deviation.              therefore reflected at the
polarizing beam splitter Figure 7 shows the track and light spot con-    5
80 toward a focusing lens 88. The focusing lens 88 figuration of the
preferred embodiment of the        focuses the three components of light
90, 92 and present invention. Two spots 54 and 56 stradle       94 to three
photodetectors 96, 98 and 100, as opposite sides of a track 20 which serves
as a       shown. The outputs of each of the photodetectors reference
track. A third spot 58 impinges on a       96, 98, 100 represents the
amount of light portion of an adjacent track 22, preferably such    10
reflected back through the objective lens 86 from that the inner edge 60 of
the adjacent track 22      each of a different one of the three spots of
light bisects the third spot of light 68. The three spots  54, 56 and 58.
54, 56, 58 are moved together in the direction of      The arrangement
shown schematically in Fig- reference track 20 in a manner discussed below.
ure 9 can be constructed by modifying an existing The light from each of
the spots 54, 56, 58,   15   optical disc player apparatus. All optical
disc which is reflected back from the reflected surface   player
apparatus   (see   for   example through the objective lens (Figure 3), is
detected   US-A-4 037 252) must have a subsystem for by one of three
photodetectors (not shown).          maintaining the reading spot of laser
light Figure 8 is a plot 63 of the intensity of light from a  centered on
the track being read. A common form spot of light which is reflected off of
the reflective   20   of such subsystem  is a servo system  which surface
and detected by such a photodetector.        utilizes two auxiliary spots
of light adjacent the The horizontal axis represents the location of the
reading spot of light. Figure 10 is a diagram spot of light on the surface
in the direction        showing the configuration of the spots of laser
perpendicular to the track axes, and the vertical    light used in an
optical disc player apparatus axis represents light intensity. As can be
seen, the   26    having such a tracking servo system. Three tracks
intensity of such light is greatest for a spot in the  18, 20 and 22 are
shown. The center track 20 is area between tracks and least for a spot
centered    read by the center spot of laser light 102. Two onatrack.Three
points 64,66,68are identified on      other, auxiliary spots of light 104
and 106 are the plot 63, corresponding to the intensity of light  provided
straddling opposite edges of the track 20 detected by the respective
photodetectors asso-   30   being read. The three spots of light 102, 104
and ciated with the spots 54, 56 and 58 (Fig. 7). Thus, a  106, are
generated by the placement of a diffrac- photodetector associated with spot
54 receives an   tion grating in the path of a single beam of laser
intensity of light represented by point 64 in Figure  light-in the manner
shown in Figure 9. The grating 8, while one associated with spot 56
receives an    is selected and placed in the optical system so as amount of
light represented by point 66, and one    35   to produce spots spaced from
the reading spot by associated with spot 58 an amount represented        a
predetermined desired distance. The grating is by point 68. It will be
appreciated that the plot 63  also rotated by an amount sufficient to place
the also corresponds to the output voltage of a          auxiliary spots
104 and 106 at their desired loca- photodetector receiving the light
reflected from     tions straddling opposite edges of the track 20 the
surface. The points on the plot 63, and on    40   being read. The
photodetectors associated with similar plots which will be described below,
will   the spots 102, 104 and 106 corresponding to for the sake of
consistency be referred to as        photo detectors 96, 98 and 100 in
Figure 9, are photodetector voltage plots.                         arranged
so that each photodetector detects the Figure 9 is a schematic diagram of
an optical      light reflected back from a different one of the system for
generating the three spots of light 54,   45   three spots on the
reflective surface of the optical 56 and 58 shown in Figure 7. A source of
polarized   disc. The outputs of the photodetectors detecting laser light
70 outputs a beam 72 which passes        the light from the auxiliary spots
104 and 106 are through a diffraction grating 74 which splits the
provided to a tracking servo (not shown) and the beam 72 into three closely
spaced beams 78. After    signals are used to maintain the reading spot 102
passing through the diffraction grating 74, the   so   of laser light
centered on the track 20, as is well beam 72 of laser light passes through
a collecting   known in the art. lens 76. After passing through the
collecting lens     Such a system can be modified to produce the 76, the
three beams 78 pass through a polarizing     configuration of spots of
light shown in Figure 7. beam splitter 80 to a quarter wavelength plate 82.
To do this, it is only necessary to rotate the The beams 78 are then
reflected off a mirror 84   55   existing diffraction grating by the proper
amount which  directs them  through  a microscope           so as to
produce the alignment of spots shown in objective lens 86. The lens 86
images ths three      Figure 7. The photodetectors associated with the
beams 78 onto the reflective surface of an optical   three spots of light
are then appropriately modi- disk in three separate spots 88, 90 and 92.
That     fied in position so as to detect the light from the portion of the
light from the three spots of laser   60   respective spots of light. light
54, 56 and 58, which is reflected back           In addition, the
electronics associated with the through the objective lens 86, passes back
along     outputs of the photodetectors are modified in a substantially the
same path to the mirror 84         manner discussed below to account for
the fact where it is directed to the quarter wavelength      that the
center spot is no longer used as a reading plate 82. Having passed twice
through the quarter   65   spot, but is rather used as a tracking spot
(Figure 



5    9                   0 081  786                      10 7). Figure 11
depicts three photodetectors used in   The spots 54, 56 and 58 are
generated in the a connection with a player apparatus having the
manner described above. As can be seen, the servo system described above.
Two auxiliary spot     adjacent track 22 is somewhat curved from its
photodetectors 108 and 110 are shown, as well as    ideal path of constant
spacing with respect to the a third, quadrant photo detector 112 for the
light    5    reference track 20. Consequently, the track spac- from the
reading spot of laser light. As is known in  ing between track 20 and track
22 is decreased in the art, a quadrant photodetector is provided for    the
vicinity of the curve. It should be noted that the reading spot of laser
light in order to generate  the proportions of the track curve are
compressed information concerning the focus of the reading     for purposed
illustration. Actual track pitch curves spot of laser light. This
information is provided to   10   occur over distances that range .up to
about 2.5 a focus servo system to maintain the reading spot     cm or 5 cm
(one or two inches). of laser light in a focused condition on the track of
In figure 13, the auxiliary spot of light 58 is the disc. Outputs from
opposite quadrants are        shown impinging on the auxiliary track 22 in
the combined, and the two resulting signal lines are     vicinity of the
curved region of that track. As can used as inputs to the focus servo
system. Thus,   15   be seen by a comparison of Figure 13 with Figure for
example, outputs 114 and 116 are combined,       7, a larger percentage of
the auxiliary spot 58 lies as are outputs 118 and 120. Each of the
auxiliary    on the track 22 as compared with the "normal" beam
photodetectors 108 and 110 have a single       track configuration shown in
Figure 7. output line 122 and 124, respectively.                 Figure 14
is a graph showing a plot of the Figure 12 shows a portion of a player
apparatus    20   voltage of the photodetector output for the circuitry
modified in accordance with the present    detected light from a spot
reflected back off of the invention. A summer is provided, having two
reflective surface. The horizontal axis. represents a input lines 128 and
130. The output from corm-       direction perpendicular to the tracks
shown in bined signal lines 114 and 116 (Figure 11) is        Figure 13, in
the plane of the disc. Three points applied to line 128 of the summer 126,
while the    25    142, 144 and 146, corresponding to the photo- output
from combined lines 118 and 120 (Figure       detector outputs for the
three spots 54, 56 and 58, 11) is applied to line 130 of summer 126. The
respectively, are shown on the plot 140. It will be output 132 of summer
126 thus represents the         appreciated that the voltages represented
by total amount of light incident on the quadrant       points 142 and 144
are used fortracking purposes photo detector 112.
30    only, and will therefore remain relatively constant As shown, the
tracking servo 134 has two input     as the apparatus scans along the
tracks. The lines 136 and 138. Ordinarily, the input line 138 is  voltage
at spot 146 in Figure 14 represents the connected to the input 124 of the
auxiliary beam     signal utilized in the measurement of the spacing photo
detector 110, and the output line 136 is       between track 20 and track
22. connected with the output line 122 of the auxiliary   35  For
comparison purposes the photodetector spot photo detector 108. However, in
accordance      output plot corresponding to an undeviated track with the
present invention, the input line 138 is    22 is shown in dashed line 148
on Figure 14. Thus, disconnected from  the output line 124, and         it
will be appreciated that the dashed line portion instead, the output line
132 from the summer 126     148 corresponds exactly to that part of the
plot is applied to the input line 138, as shown. Input   40   shown in
Figure 8. A point 146' is shown on the line 136 to the tracking servo 134
remains con-      dashed line portion 148, corresponding to the nected to
the output line 122 of the photodetector   photodetector output for the
spot 58 which would 108. In this way, the center spot 102 (Figure 10),   be
detected if the curve 22 were undeviated. As ordinarily used as a read spot
in the player         can be seen by the arrow 150, the curvature of the
apparatus, is connected to serve as the second    45   track 22 causes a
distortion in the plot 140 of the tracking spot. The output 124 of the
third photo      photodetector output, which in turn causes the detector
110 is thus freed for use as a track pitch  point 146' to move down,
corresponding to a measurement signal in connection with the prin-
diminution in the amount of photodetector output ciples of the present
invention in a manner          voltage. The amount of decrease in the level
of described below. It should be noted that the    50    photodetector
output, represented by the arrow output 124 can also be used as a signal
source for   150, corresponds to the amount by which the the information
recorded on the disc in addition    track 22 is deviated from its ideal
straight con- to its function as a measurement signal. Thus, a
figuration. video optical disc can be played and the              Figure 15
is a diagram similar to the diagram of recovered  video  picture  observed
as the    55    Figure 13, only showing a portion of the auxiliary
measurement of track pitch is performed. This       track 22 where it has
deviated away from the permits correlation between track pitch and
reference track 20. The auxiliary spot 58, as a observed picture.
result, no longer straddles even a part of the Referring now to Figure 13,
the operation of the   adjacent track 22. preferred embodiment of the
present invention    60    Figure 16 is a graph showing a plot 152 of the
will now be described. Figure 13 is a diagram        photodetector output
for a spot in the area of the similar to that shown in Figure 7 in that a
two tracks 20 and 22 shown in Figure 15. Three reference track 20 is shown
having the tracking      points 154, 156 and 158, corresponding to the
spots 54 and 56 straddling it, while a third,        photodetector output
for each of the three spots 



auxiliary spot 58 straddles an adjacent track 22.   65   54, 56, and 58,
respectively, are shown on the plot 6    11                 0 081 786
12 152. Also shown, in dashed line, is the continua-  optical disc which is
scanned according to this tion of the plot 152 corresponding to no
deviation  method. of the adjacent track 22. It will be noted that the
Figure 18 is a graph showing a -plot 164 of photodetector output at point
158 is greater than  photodetector output versus time, "t", obtained at
point 158', which corresponds to the absence    5    from the scanning of
an optical disc. Figure 19 is a of track deviation. This amount of increase
is     schematic diagram of a track spacing measuring shown by dashed arrow
160.                         set-up showing several instruments having
their By comparing Figures 13 and 14with Figures 15    inputs commonly
connected to a line 166 con- and 16, it will be appreciated that deviations
of the  nected to the output of an auxiliary beam photo- adjacent track 22
from the substantially straight   to   detector. An oscilloscope 168 is
connected to the undeviated configuration give rise to changes in  line 166
to provide a display of the output the amount of light which is reflected
by the      waveform, such as the wave form 164 shown in auxiliary spot 58
and, consequently, to changes in  Figure 18. A camera 170 is mounted on the
hood the output of its corresponding photodetector.     172 of the
oscilloscope screen to provide a per- The amount of change in the
photodetector out-  15   manent record of the oscilloscope trace. A strip
put for spot 58 can be related directly, within a  chart recorder 174 is
connected to the line 166 certain range, to the amount of deviation of the
through a low pass filter 176 to provide a per- track 22 from its
substantially straight, normal   manent record of the low frequency
components configuration. Knowing the difference in average   of the wave
form 164 shown in Figure 18. A reflectance of the auxiliary track 22 and
the area of   20   spectrum analyzer 178 is connected to the line 166
reflective material between tracks, the width of  to provide an analysis of
the spectral components the track 22, and the configuration and intensity
of  of the wave form in real time. the auxiliary spot 58, the amount of
light reflected  The low pass filter 176 and strip chart recorder for a
given spacing of the adjacent track 22 from  174 arrangement can be used
also in connection the reference track 20 can be accurately com-   25
with a slow-motion scan to provide a permanent puted. This can, in turn, be
related to the output of  record of relatively high frequency components of
a photodetector, such as photodetector 110 in     the photodetector output
waveform. Figure 11. Thus a quantitative measurement of        The test
setup shown in Figure 19 thus provides track spacing can be obtained. It
should be noted  a broad range of information for analysis of track that
the measurement is valid only over a finite   30   spacing deviation for an
optical disc. range of track pitch deviation. For example, refer-  The
above described arrangement represents a ring to Figure 15, for deviations
of the adjacent  scheme called a "linear tracking mode detector". track 22
to the right by an amount greater than    Figure 20 shows the track and
light spot arrange- that shown in the figure, no change in photo-      ment
for a second mode of detection, which may detector output for spot 58
occurs. However, over   35   be called the "non-linear" or "catastrophe"
detec- the useful range between extremes, the output of  tion mode.
According to this method, two adja- the auxiliary spot photodetector can be
related    cent tracking spots 180 and 182 are provided, as quantitatively
to the amount of deviation of the   in the linear detection mode. A third
spot 184 is adjacent track 22 from its normal configuration.   also
provided, but positioned halfway between Figure 17 illustrates this.
40   the reference track 20 and the adjacent track 22, Figure 17 is a graph
showing a plot 162 of the   rather than straddling the near edge of the
adja- output of the photo detector detecting the         cent track 22, as
in the case of linear detection reflected light from spot 58 over a range
of track  method. spacing deviations for a reference track and an
Figure 21 shows a plot 186 of the amount of auxiliary track. It will be
noted that for very large   45   photodetector output for a spot of light
incident in track spacings the output of the photo detector   the region of
the two tracks 20 and 22. The points remains constant at a characteristic
high voltage  188 and 190 corresponding to the positions of the VH. For
decreasing track spacing, the photodetec-  two tracking spots 180 and 182
are shown on the tor output reaches a minimum, [err], corresponding
curve 186. The point 192 corresponding to the to the centering of the spot
on the track, and then   50   position of the auxiliary beam 184 is also
shown increases as the spot passes to the opposite side  on the curve. It
will be noted that the point 192 lies of the track.
at a location on the curve 186 where the slope of In the region of a track
spacing of "x", which   the curve 186 is a minimum and therefore the
corresponds to the nominal track spacing, the plot  sensitivity of the
arrangement to deviations in 162 assumes an "S" shape. The plot 162 is  55
track pitch from the normal configuration is a approximately linear in the
region of track spac-  minimum. ing between x-d and x+d, where 2d
represents a       Figure 22 is a diagram like that of Figure 20, but range
of spacing producing output voltages         showing the adjacent track 22
slightly deviated across approximately 85% of the range of the       from
its normal path. Figure 23 is a graph show- photodetector output. In this
substantially linear   60   ing a plot 194, like that shown in Figure 21,
for the range, the output of the detector can be relatively  configuration
shown in Figure 22. Shown in accurately correlated with the actual track
spac-  dashed line 186' is the continuation of the plot 194 ing. The output
of the detector can be applied to  corresponding to a configuration wherein
the 



one or more of several instruments to obtain a     adjacent track 22 is
undeviated. It will be noted display or record of the track spacing for an
65   that the point 192 corresponding to the auxiliary 7    13
0 081  786                       14 spot 184 is substantially undeviated as
compared     output from the auxiliary beam  photodetector with its
location shown in Figure 21. It will be     (line 124in Figure 11) is
applied to a two kilohetz appreciated, therefore, that the non-linear
detec-   low pass filter 200. The output of the low pass tion scheme
depicted in Figures 20 and 22 pro-       filter 200 is applied to a
comparator 202 set to vides minimum sensitivity to small amounts of    5
provide an output when the input signal level falls track 22 deviation.
below  a predetermined threshold level. This Figure 24 is a diagram showing
a track and spot    threshold level voltage may be, for example, the
arrangement like that shown in Figure 22,            voltage level
associated with the track spacing wherein the adjacent track 22 is deviated
by a       "c" shown in Figure 26. The output of the com- large amount
toward the reference track 20. Fig-   10   parator 202 on line 204 is
applied to an alarm ure 25 is a graph showing a plot 149 of photo-
circuit 206 and to a stop motion activating circuit detector output for a
spot in the vicinity of the    208 which can be connected to the pitch
monitor tracks shown in Figure 24. The continuation 186'     apparatus to
switch it to a stop motion mode. of the curve 194 corresponding to the
non-devi-      Thus, when a signal is applied to line 124 corre- ated
configuration is shown in dashed line. It will   15   sponding to the
condition of very close track be noted that the point 192', corresponding
to the   spacing, an alarm is set off and the track pitch photodetector
output for spot 184 is deviated         monitoring apparatus automatically
goes into substantially from its normal track configuration    stop motion
mode, permitting the tracks to be location, as depicted by arrow 196.
studied more closely. Relatively small track spac- The utility of the
arrangement depicted in Fig-   20   ing deviations of a minor nature will
not trigger ures 22 and 24 can be appreciated by comparing      the alarm.
Thus, the arrangement depicted in those figures with Figures 7 and 13. In
Figure 13,   Figure 27 represents a "catastrophe" mode of the adjacent
track 22 is deviated a relatively small  operation for detecting only
extremely close amount. Nonetheless, as will be appreciated by
tracks, the so-caled "kissing tracks". The two considering point 146 in
Figure 14, the output of   25    kilohertz low pass- filter 200 serves to
prevent the photodetector detecting the reflected light      triggering of
the alarm by spurious components from  spot 58 is near the limit of the
linear        such as spikes of noise. detection range. In fact, as will be
appreciated by    Figure 28 is a diagram of another track and spot
considering Figure 17, for track 22 deviations       arrangement. According
to this arrangement, two much greater than that depicted in Figure 13, in
30   tracking spots 210 and 212 straddle a reference the direction of
decreasing track-to-track spacing,  track 20 in connection with the
tracking servo the level of photodetector output for the auxiliary
function, as in previous embodiments, while an spot 58 will go through a
minimum and then           auxiliary spot 214 is positioned centered on an
actually begin to increase again, giving rise to an  adjacent track 22.
Figure 29 shows the photo- ambiguous result. On the other hand, referring
to   35    detector output corresponding is spot locations in Figures 24
and 25, it will be noted that even       the vicinity of the tracks 20 and
22 in Figure 28. It though the adjacent track 22 is relatively largely
will be noted that the photodetector output for the deviated in the
direction of decreasing track-to-    auxiliary spot 214, represented by
point 222 on track spacing, the location of the point 192' on the  the plot
216, is at a minimum point for the normal plot 194 is within a region of
relatively high    40   track configuration shown in Figure 28. sensitivity
to track spacing change.                   The auxiliary spot 214 in Figure
28 is provided Figure 26 is a plot of-the output of the photo-    with
adjustable lateral movement capability with detector detecting spot 184
against track spacing  the respect to the other spots 210 and 212, as
between track 20 and 22 in the "catastrophe          shown by arrows 224
and 226. By adjusting the mode" configuration shown in Figure 20. The   45
position of the auxiliary spot 214 so as to mini- track spacing identified
by "x" is the nominal       mize the output of its associated
photodetector, in track spacing. The region of track spacing where
other words, by placing the point 222 at the the detector exhibits maximum
sensitivity to track   minimum location shown in Figure 29, and ascer-
spacing deviation occurs between two points, a       taining the spot 214
position at that minimum and b, both representing track spacing less than
so   output point, a measurement of the average track the nominal spacing
"x".                             pitch is provided. This control may be
exercised It will be appreciated that using the arrange-     by rotating
the diffraction grating 76 (Fig. 9) which ment of instruments shown in
Figure 19 and a         generates the three spots of light. spot
arrangement as shown in Figure 20, large          Figure 30A is a diagram
of an arrangement for deviations in track spacing may be effectively   55
providing adjustable movement capability to an monitored and measured.
Alternatively, the spot      auxiliary spot of light. The arrangement shown
arrangement shown in Figure 20 may be used in        represents a
modification of a portion of the connection with circuitry arranged to
provide an     system shown in Figure 9, discussed above. The alarm
function for tracks which are excessively      beam of laser light 72
passes through defraction close as discussed below in connection with   60
grating 76 and the three beams 224, 226 and 228 Figure 27.
pass through a focusing lens 230. The three Figure 27 is a schematic
diagram of an arrange-    beams 224, 226 and 228 are imaged by the lens 



ment of instruments set up in the "catastrophe"      230 in a plane 232.
Three cubes 234, 236 and 238 mode to provide the aforementioned alarm func-
of transparent material such as glass are placed tion in the event of
excessively close tracks. The    65   centered at the focal point of the
three emergent 8    15                  0 081  786                     16
beams from the lens 230. One of the outer cubes,   lens 264, which focuses
the beams in a plane 266. cube 238, is provided with rotational capability
A block 268 of opaque material blocks the path of about one at its axes as
shown by the arrow of      one of the outermost beams 262a. Two beams,
rotation 234. By rotating the cube 238 in the      262b and 262c, pass
through a static glass cube direction of the arrow 240, the beam 242 of
light    5    270. The remaining two beams of light 262d and merging from
the cube 238 is deflected in a         262e pass through a second,
rotatable glass cube direction perpendicular to the reference track, as
272 which is capable of rotation about its long shown in Figure 30B. Figure
31 shows the direc-     axis in the focal plane 266, as shown by arrow tion
of movement of auxiliary spot of light 214     274. By rotating the
rotatable cube 272, the spots from its nominal position indicated by an "X"
in a    10   of light produced by both of the beams 262d and direction
indicated by arrow 244. Thus, the rota-   262e are caused to move together
in a manner tional capability of the glass cube 238 (Figure 30A)  depicted
in Figure 33. The rotatable cube 272 can provides the adjustable movement
capability of      be attached to the axis of a drive mechanism, for the
auxiliary spot 214 to permit nulling the output  example, a galvanometer,
which is incorporated of the auxiliary spot photodetector to provide the
15   in a conventional tracking servo system  (not track  average  pitch
measurement function         shown). The tracking servo system will
maintain described above. In fact, the rotating glass cube  the two spots
of light 256 and 258 (Figure 33) 238 technique is applicable to all of the
embodi-  tracking on the adjacent track 22. By constantly ments of the
present invention in order to permit   monitoring the position voltage of
the servo optimization of the grating angle for best tracking   20   system
associated with the two auxiliary spots of results.. The static cubes 234
and 236 shown in    light 256 and 258, a continuous monitoring of the
Figure 30A are provided to -compensate for the     track spacing between
the reference track 20 and slight change in focus caused by the presence of
the adjacent track 22 can be provided. the rotating cube 238. Without the
static cubes      Figure 35 illustrates the principles of operation 234 and
236 the spot of light provided by the   25   of a still further embodiment
of the present adjustable auxiliary beam of light 242 would be
invention. According to this embodiment, three slightly out of focus.
spots of light 274, 276 and 278, are provided at an Figure 32 is a
schematic diagram of the faces of  initial position I in the configuration
normally the three photodetectors 108, 112 and 110           provided in an
optical disc player apparatus. In described above in connection with Figure
11,   30   Figure 35 the three spots of light 274,276 with 278 showing the
spots of reflected light 246, 248 and   are shown in a typical tracking
configuration at 250, incident thereon. The spot 246 represents the  the
position I on a first track 280a, scanning in the light reflected back from
spot 210 (Figure 31), the  direction depicted by arrow 282 along the track
spot 248 is the light reflected from spot 212       280a. The light from
two or all three of the spots is (Figure 31), and the spot 250 is the light
reflected   35   detected during the scan. After scanning a short from spot
214 (Figure 31). It will be noted that the  distance, the three spots of
light are abruptly spot 250 is at the very edge of the field of the
shifted to a second position, II, scanning a second photodetector 110.
Further movement in the         track 280b, and the light from  the spots
is lateral direction of the spot 214 (Figure 31) will  detected. After
scanning a short distance on track cause the spot 250 to begin to leave the
field of   40   280b, the spots are again abruptly shifted to a the
photodetector 110. This will give rise to      third position, III, and so
on. This sequential, erroneous output signals from the photodetector
incremented scanning of the tracks continues 110. From the foregoing itwill
be appreciated that  until the sixth position, VI, is reached. After the
the range of adjustment of the auxiliary spot 214   scanning in the sixth
position on track 280f, the in the arrangement depicted in Figure 31 is
45   three spots of light are returned again to the first limited, and this
must be taken into account when  track 280a and the process repeats. The
path of constructing such a system.                        the second
auxiliary spot of light 278 is depicted Another configuration for track
spacing detec-    by dashed line 284. tion is shown in Figure 33. According
to this        In order to maintain proper tracking reference
configuration, two spots 252 and 254 are provided   50   for the three
spots of light 274, 276 and 278, a for tracking the reference track 20 and
two auxili-  conventional sample and hold circuit is added to ary spots 256
and 258 are provided for tracking     the player apparatus circuitry, and
the photo- the adjacent track 22. According to this embodi-    detector
outputs associated with the two auxiliary ment, two tracking servo systems
may be pro-       spots 274 and 278, are sampled when the three vided, one
for the pair of spots associated with   55   spots are in position 1. The
photodetector output the reference track 20, and another for the pair of
values are held until the three spots again return spots associated with
the adjacent track 22. Figure  to position 1, and the held signal is
applied during 34 shows a grating, lens and glass cube arrange-   this
interval to the tracking servo system  to ment capable of providing the
spot configuration    maintain proper tracking. The rate at which the shown
in Figure 33. A grating 260 capable of   60   three spots sample one track
and then shift to producing strong second order defraction com-
another is chosen so that the three spots return to 



ponents is provided in the path of the incident    the first track for
update of the held signal at a rate beam 72. The diffraction grating 260
splits the    greater than the tracking servo response. For beam  into give
strong components 262a-e.           example, conventional optical disc
tracking servo These five components pass through a collecting    as
systems are relatively insensitive to tracking feed- 9    17
0 081  786                       18 back signal components having
frequencies of         without departing from the scope of the invention
approximately 40 kilohertz or greater. Thus, refer-  as claimed.
Accordingly, the invention is not to be ring Figure 35, by setting the
sampling time rate,   limited, except as by the appended claims. namely,
that rate during which the three spots of light scan the distance
represented by arrow 286,    5    Claims at 25 microseconds the tracking
servo system feedback signal is refreshed at a rate of approxi-
1.Apparatus for measuring the spacing between mately 40 kilohertz. This
ensures that the tracking  adjacent information tracks on an information
servo response is unaffected by the sampling         recording medium,
comprising: light means for frequencies or the phase distortion due to the
10   projecting a spot of light onto at least a portion of a filtering of
the sampled feedback signal.            first track; photodetector means
for providing an Figure 36 is a schematic diagram of an optical
electrical signal representative of a property of the system for producing
the sequential shifted scan-    light from said spot emerging from the
medium in ning depicted in Figure 35. A beam 72 of laser light  a
predetermined direction; tracking means for is directed to an
acousto-optical beam deflector   15    maintaining a substantially constant
lateral spac- 290, whih has a stepped voltage input wave form      ing of
said spot of lightfrom a second track parallel applied to its input
terminals 292. The emergent     to said first track; and scanning means for
provid- beam 294 is deflected in stepped fashion accord-     ing relative
motion between said light means and ing to the input signal on line 292.
The emergent    said medium in a direction parallel to said second beam 294
is shown in solid line at one end of the    20   track. range of its
deflected movement. The beam 294' is      2. Apparatus according to Claim
1, wherein said shown is dashed line at the opposite end of its
photodetector means comprises means for pro- range of deflected movement.
viding an electrical signal representative of the The beam 294 passes
through a first focusing       amount of light from said spot reflected off
of the lens 296 which images the beam 294 in an image   25    medium in a
predetermined direction. plane 298. The beam 294 then passes through a
3. Apparatus according to Claim 1, wherein said second focusing lens 300,
spaced at a distance       light means comprises a source of laser light.
from the first focusing lens 296 equal to twice the    4. Apparatus
according to Claim 3, wherein said focal length of each of the lenses. The
second       light meansfurthercomprises an objective lensfor focusing lens
300 collimates the diverging beam of   30   imaging said laser light onto
the information light 294. The collimated beam 294 then passes
surface of said recording medium. through a diffraction grating 302,
positioned at a     5. Apparatus according to Claim 4, wherein said
distance f from the second focus lens 300. The       photodetector means is
positioned so as to detect diffraction grating 302 breaks the single
collimated  the lightfrom said spot reflected back through said beam of
light 294 into the desired three beam    35    objective lens. components
to create the three spots of light          6. Apparatus according to Claim
1, wherein said shown in Figure 35. It will be appreciated from an
tracking means comprises: second light means for inspection of Figure 36
that the focusing lens       projecting a second and a third spot of light
onto arrangement causes the deflected beam of light       different
portions of said second track; and servo 294 to pass through the
diffraction grating 302 at   40    means responsive to the light from said
second the same location throughout the scan providing a    and said third
spots of light reflected off of the constant spot configuration.
medium for maintaining the relative positions of The divided beam 304
emerging from the dif-        said second and said third spots of light
with fraction grating 302 then passes through the        respect to said
second track. player diverging lens 306, and the remainder of the    45  7.
Apparatus according to Claim 5, wherein said optical system is the same as
that in a conventional  second light means comprises a diffraction grating
optical disc player apparatus. By adjusting the      for separating the
light from said first light means position of the diverging lens 306 with
respect to   into three beams of light associated with said first, the
grating 302, the amount of movement of the       second and said third
spots of light on said divided beam 304, and hence of the spot produced
50   recording medium. by the beam 304, represented by arrow 316, can be
8. Apparatus according to any one of the Claims adjusted.
1 through 7, for measuring a condition of exces- It will be appreciated
from the foregoing that the  sively close spacing between said first and
second present invention represents a significant advance   tracks, wherein
said light means projects said spot in the field of track pitch measuring
and monitor-   55    of light onto said medium at a predetermined ing
especially as applied to recording media such    location normally
intermediate said first and as optical discs. In particular, the invention
pro-  second track. vides an accurate electro-optical technique for
9. Apparatus according to Claim  8, further obtaining direct measurement of
track-to-track       comprising: comparator means connected to said spacing
in real time as the tracks are scanned.   60    photodetector means for
monitoring said electri- 



Several embodiments are disclosed for obtaining      cal signal and
providing an output when said measurements  of different aspects of the
electrical signal reaches a predetermined level; measured track-to-track
spacing. While several       and indicator means for providing an
indication embodiments have been described it should be         that said
comparator means has provided an understood that other modifications may be
made   65    output signal. 10    17                  0 081  786
18 back signal components having frequencies of        without departing
from the scope of the invention approximately 40 kilohertz or greater.
Thus, refer-  as claimed. Accordingly, the invention is not to be ring
Figure 35, by setting the sampling time rate,  limited, except as by the
appended claims. namely, that rate during which the three spots of light
scan the distance represented by arrow 286,    5    Claims at 25
microseconds the tracking servo system feedback signal is refreshed at a
rate of approxi-    1. Apparatus for measuring the spacing between mately
40 kilohertz. This ensures that the tracking  adjacent information tracks
on an information servo response is unaffected by the sampling
recording medium, comprising: light means for frequencies or the phase
distortion due to the   10   projecting a spot of light onto at least a
portion of a filtering of the sampled feedback signal.           first
track; photodetector means for providing an Figure 36 is a schematic
diagram of an optical    electrical signal representative of a property of
the system for producing the sequential shifted scan-   light from said
spot emerging from the medium in ning depicted in Figure 35. A beam 72 of
laser light  a predetermined direction; tracking means for is directed to
an acousto-optical beam deflector   15   maintaining a substantially
constant lateral spac- 290, whih has a stepped voltage input wave form
ing of said spot of lightfrom a second track parallel applied to its input
terminals 292. The emergent    to said first track; and scanning means for
provid- beam 294 is deflected in stepped fashion accord-    ing relative
motion between said light means and ing to the input signal on line 292.
The emergent   said medium in a direction parallel to said second beam 294
is shown in solid line at one end of the   20   track. range of its
deflected movement. The beam 294' is     2. Apparatus according to Claim 1,
wherein said shown is dashed line at the opposite end of its
photodetector means comprises means for pro- range of deflected movement.
viding an electrical signal representative of the The beam 294 passes
through a first focusing      amount of light from said spot reflected off
of the lens 296 which images the beam 294 in an image   25    medium in a
predetermined direction. plane 298. The beam 294 then passes through a
3. Apparatus according to Claim 1, wherein said second focusing lens 300,
spaced at a distance      light means comprises a source of laser light.
from the first focusing lens 296 equal to twice the   4. Apparatus
according to Claim 3, wherein said focal length of each of the lenses. The
second      light meansfurthercomprisesan objective lensfor focusing lens
300 collimates the diverging beam of   30   imaging said laser light onto
the information light 294. The collimated beam 294 then passes      surface
of said recording medium.. through a diffraction grating 302, positioned at
a    5. Apparatus according to Claim 4, wherein said distance f from the
second focus lens 300. The      photodetector means is positioned so as to
detect diffraction grating 302 breaksthe single collimated  the lightfrom
said spot reflected backthrough said beam of light 294 into the desired
three beam    35   objective lens. components to create the three spots of
light         6. Apparatus according to Claim 1, wherein said shown in
Figure 35. It will be appreciated from an  tracking means comprises: second
light means for inspection of Figure 36 that the focusing lens
projecting a second and a third spot of light onto arrangement causes the
deflected beam of light      different portions of said second track; and
servo 294 to pass through the diffraction grating 302 at   40    means
responsive to the light from said second the same location throughout the
scan providing a   and said third spots of light reflected off of the
constant spot configuration.                        medium for maintaining
the relative positions of The divided beam 304 emerging from the dif-
said second and said third spots of light with fraction grating 302 then
passes through the        respect to said second track. playerdiverging
lens3O6,andthe remainderof the    45  7. Apparatus according to Claim 5,
wherein said optical system is the same asthat in a conventional  second
light means comprises a diffraction grating optical disc player apparatus.
By adjusting the     for separating the light from said first lightmeans
position of the diverging lens 306 with respect to  into three beams of
light associated with said first, the grating 302, the amount of movement
of the      second and said third spots of light on said divided beam 304,
and hence of the spot produced    50   recording medium. by the beam 304,
represented by arrow 316, can be     8. Apparatus according to any one of
the Claims adjusted.                                           1 through 7,
for measuring a condition of exces- It will be appreciated from the
foregoing that the  sively close spacing between said first and second
present invention represents a significant advance  tracks, wherein said
light means projects said spot in the field of track pitch measuring and
monitor-  55   of light onto said medium at a predetermined ing especially
as applied to recording media such   location normally intermediate said
first and as optical discs. In particular, the invention pro-  second
track. vides an accurate electro-optical technique for       9. Apparatus
according to Claim 8, further. obtaining direct measurement of
track-to-track      comprising: comparator means connected to said 



spacing in real time as the tracks are scanned.   60   photodetector means
for monitoring said electri- Several embodiments are disclosed for
obtaining     cal signal and providing an output when said measurements of
different aspects of the            electrical signal reaches a
predetermined level; measured track-to-track spacing. While several
and indicator means for providing an indication embodiments have been
described it should be        that said comparator means has provided an
understood that other modifications may be made   65   output signal. 10
19                   0 081  786                      20 10. Apparatus
according to any one of Claims 1      mined direction; maintaining a
substantially con- through 7 for measurirtg the average spacing
stant lateral spacing of said spot of light from a between said first and
second tracks, further         second track parallel to said first track;
and comprising: light beam  adjustment means for          providing
relative motion between said spot of providing controllable adjustment of
the direction    5    light and said medium in a direction parallel to of
the beam  of light from  said light means,         said second track.
whereby said substantially constant lateral posi-       14. A method
according to Claim 13 for measur- tion of said spot of light may be
controllably        ing the average spacing between the first and located
with respect to said second track within a    second tracks, further
comprising the steps of: range which includes at least a portion of said
first   10   providing controllable adjustment of the direction track.
of the beam of light, whereby said substantially 11. Apparatus for
measuring the spacing             constant lateral spacing of said spot.of
light on between adjacent information tracks on an infor-      said medium
may be controllably located with mation recording  medium, comprising:
light           respect to said second track within a range which means for
projecting a first and a second spot of   15   includes at least a portion
of said first track. light onto different portions of a first track; first
15. A  method for measuring the spacing tracking means for detecting the
light from said       between parallel information tracks on an infor-
first and second spots of light reflected off of the   mation recording
medium, comprising the steps medium  in a predetermined direction and for
of: projecting a first and a second spot of light controlling the position
of said spots of light so as    20    onto different portions of a first
track; detecting to maintain said spots of light at predetermined      the
light from said first and second spots of light lateral positions on said
first track; second light   reflected off of the medium in a first
predeter- means for projecting a third and a fourth spot of     mined
direction; controlling the relative' lateral light onto different portions
of a second track        positions of said first and second spots of light
substantially parallel to said first track; second    25    with respect to
said first track; projecting a third tracking means for detecting the light
from said       and a fourth spot of light onto different portions third
and said fourth spots of light reflected off of  of a second track parallel
to said first track; the medium in a predetermined direction and for
detecting the light from said third and said fourth maintaining said third
and fourth spots of light on  spots of light reflected off of the medium in
a said second track at predetermined lateral loca-   30   second
predetermined direction; controlling the tions, and for providing an output
signal repre-      relative lateral position of.said third and fourth
sentative of the location of at least one of said     spots of light with
respect to said second track; third and fourth spots of light with respect
to at     generating an output signal representative of the least one of
said first and said second spots of       relative position of at least one
of said third and light; and scanning means for providing relative    35
said fourth spots of light with respect to at least motion between said
spots of light and said            one of said first and second spots of
light; and medium in a direction parallel to said first track.    providing
relative motion between said spots of 12. Apparatus for measuring the
spacing              light and said medium in a direction parallel to
between a plurality of parallel information tracks     said first track. on
an information recording medium, compris-   40 ing: light means for
projecting a first and a          Patentanspruche second spot of light onto
different portions of a first track; photodetector means for providing
1. Einrichtung zur Messung des Abstands          . first and second
electrical signals representative     zwischen benachbarten
Informationsspuren auf of the amount of light from said first and said   45
einem Informationsaufzeichungsmedium, in der second spots of light,
respectively, reflected off of  enthalten sind: optische Vorrichtungen zum
Pro- the medium in a predetermined direction; track-        jezieren eines
Lichtpunkts auf mindestens einen ing means responsive to said first and
said            Teil einer ersten Spur;. ein Photodetektor zur second
electrical signals for maintaining said first   Erzeugung eines
elektrischen Signals, das eine and said second spots of light at first
predeter-   50    Eigenschaft des Lichtes vom Lichtpunkt angibt, mined
lateral positions relative to said first track;  das vom Medium in einer
vorbestimmten Rich- and scanning means for providing relative motion
tung ausgeht; eine Spurflhrung, mit der ein im between said spots of light
from said first pre-       wesentlichen konstanter, lateraler Abstand des
determined lateral positions relative to said first    Lichtpunkts von
einer zweiten Spur parallel zur track to impinge a second track parallel to
said   56    ersten Spur aufrechterhalten wird; und eine first track, and
for returning said spots of light to  Abtastvorrichtun, mit der eine
Relativebewegung said predetermined first positions after a pre-
zwischen der optischen Vorrichtung und dem determined interval of time.
Medium  in eine Richtung parallel zur zweiten 



13. A  method for measuring the spacing              Spur erzeugt wird.
between adjacent information tracks on an infor-   60    2. Einrichtung
nach Anspruch 1, bei dem im mation recording medium, comprising the steps
Photodetektor Einrichtungen vorgesehen sind, of: projecting a spot of light
onto at least a portion  urn ein elektrisches Signal zu erzeugen, das die
of a first track; generating an electrical signal      Lichtmenge angibt,
die vom Lichtpunkt an dem representative of the amount of light from said
Medium in einer vorbestimmten Richtung reflek- spot reflected off of the
medium in a predeter-   65   tiert wird.    21            0 081 78
6222 0   *        ~~~~3. Einrichtung nach Anspruch 1, bei der die
zweiten Lichtpunkte an dem Medium in einer ;    9     ~~~optischen
Vorrichtungen eine Laserlichtquelle     vorbestimmten Richtung reflektiert
wurde; und enthalten.                                          mit denen
die Lage der Lichtpunkte so gesteuert 4. Einrichtung nach Anspruch 3, bei
der die       wird, daB die Lichtpunkte an vorbestimmten late- optischen
Vorrichtungen weiter eine Objektivlinse    5    ralen Positionen auf der
ersten Spur gehalten enthalten, um das Laserlicht auf die Informations-
werden; zweite optische Vorrichtungen, mit oberflache des
Aufzeichnungsmediums abzubil-        denen sin dritter und eine vierter
Lichtpunkt auf den.
verschiedene Teile einer zweiten Spur projiziert 5. Einrichtung nach
Anspruch 4, bei der der       werden, die im wesentlichen parallel zur
ersten Photodetektor so positioniert wird, daB er das von    to   Spur
verlauft; zweite Spurfuhrungen mit denen dem Lichtpunkt durch die
ObjektivIinse zurOckre-    das Licht gemessen wird, das von den dritten und
flektierte Licht milt.                              vierten Lichtpunkten an
dem Medium in einer 6. Einrichtung nach Anspruch 1, bei der die
vorbestimmten Richtung reflektiert wird und mit Spurf0hrung enthalt: zweite
optische Vorrichtun-    denen die dritten und vierten Lichtpunkte auf der
gen, mit denen ein zweiter und ein dritter Licht-   ts   zweiten Spur an
vorbestimmten lateralen Positio- punkt auf unterschiedliche Teile der
zweiten Spur   nen aufrechterhalten wird sowie mit denen ein projiziert
werden; und Servovorrichtungen, die      Ausgangssignal erzeugt wird, das
dem Ort min- auf das von den zweiten und dritten Lichtpunkten    destens
eines der dritten und vierten Lichtpunkte am Medium reflektierte Licht
anspruchen, um die     bezuglich mindestens eines der ersten und zwei-
relativen Positionen des zweiten und dritten Licht-   20   ten Lichtpunkte
angibt; und Abtastvorrichtungen, punkts bezuglich der zweiten Spur
aufrechtzuer-     mit denen eine Relativbewegung zwischen den halten.
Lichtpunkten und dem Medium in einer.Richtung 7. Einrichtungen nach
Anspruch 5, bei der die     parallel zu ersten Spur erzeugt wird. zweiten
optischen Vorrichtungen sin Beugungs-         12. Einrichtung zum  Messen
des Abstands gitter enthalten, mit dem das das Licht von den    25
zwischen einer Vielzahl von parallelen Informa- ersten optischen
Vorrichtungen in drei Lichtstrah-  tionsspuren  auf einem
Informationsaufzeich- lenbundel aufgespaltet wird, die dem  ersten,
nungsmedium  in der enthalten sind: optische zweiten und dritten Lichtpunkt
auf dem Aufzeich-    Vorrichtungen, mit denen ein erster und ein zwei-
nungs medium zugeordnet sind.                       ter Lichtpunkt auf
verschiedene Teile einer ersten 8. Einrichtung nach einem der Anspruche 1
bis   30    Spur projiziert wird; Photodetektoren zur Erzeu- * 7, zum
Messen eines ubermaBig engen Abstands       gung erster und zweiter
elektrischer Signale als zwischen der ersten und der zweiten Spur, bei der
Mal3 fOr die Lichtmenge die vom ersten bzw. die optischen Vorrichtungen den
Lichtpunkt auf      zweiten Lichtpunkt an dem  Medium  in einer einen
vorbestimmten Ort auf das Medium proji-       vorbestimmten Richtung
reflektiert wurde; Spur- zieren, der normalerweise zwischen der ersten
35   fuhrungen, die auf die ersten und zweiten elektri- und der zweiten
Spur liegt.                         schen Signale ansprechen, um den ersten
und 9. Einrichtung nach Anspruch 8, in der weiter     zweiten Lichtpunkt an
ersten vorbestimmten late- enthalten sind: eine mit dem Photodetektor ver-
ralen Positionen relativ zur ersten Spur aufrecht- bundene
Vergleichseinrichtung zum Uberwachen        zuerhalten und
Abtastvorrichtungen, mit denen des elektrischen Signals und zum Erzeugen
eines   4o   eine Relativbewegung zwischen den Lichtpunkten
Ausgangssignals, wenn das elektrische Signal        von den ersten
vorbestimmten lateralen Positio- einen vorbestimmten Pegel erreicht; und
Anzei-      nen relativ zur ersten Spur erzeugt wird, so daB
gevorrichtungen, mit denen eine Anzeige erzeugt     sie auf eine zweite
Spur parallel zur ersten Spur wird, daB *die Vergleichsvorrichtung ein Aus-
auftreffen und mit denen die Lichtpunkte zu den gangssignal geliefert hat.
45   ersten vorbestimmten positionen nach einem 10. Einrichtung nach
irgendeinem der Anspru-      vorbestimmten   Zeitintervall  zurOckgefuhrt
che 1 bis 7, zum Messen des mittleren Abstands      werden. zwischen der
ersten und der zweiten Spur, in der      13. Ein Verfahren zum Messen des
Abstands weiter enthalten sind: Justiervorrichtungen fur     zwischen
benachbarten Informationsspuren auf die LichtstrahlenbOndel, mit denen die
Richtung    60   einem  Informationsaufzeichnungsmedium   in des
Lichtstrahlenbundels aus den optischen Vor-     dem die Schritte enthalten
sind: Projizieren eines richtungen kontrolliert justierbar sind, so daG die
Lichtpunkts au mindestens einen Teil einer ersten im wesentlichen
konstante, laterale Position des    Spur; Erzeugen eines elektrischen
Signals als Lichtpunkts kontrollierbar bezuglich der zweiten    MaB fOr die
Lichtmenge, die vom Lichtpunkt an Spur innerhalb eines Bereichs eingestellt
werden    66   dem Medium in einer vorbestimmten Richtung kann, der
mindestens einen Tell der zweiten Spur    reflektiert wurde;
Aufrechterhalten  eines im umfaBt.
wesentlichen konstanten lateralen Abstands des 11. Einrichtungen zur
Messung des Abstands        Lichtpunkts von einer zweiten Spur parallel zur



zwischen benachbarten Informationsspuren auf        ersten Spur; und
Erzeugen einer Relativbewe- einem Informationsaufzeichnungsmedium, in der
60   gungzwischen dem Lichtpunkt und dem Medium enthalten  sind: optische
Vorrichtungen, mit        in einer Richtung parallel zur zweiten Spur.
denen ein erster und sin zweiter Lichtpunkt auf       14. Ein Verfahren
nach Anspruch 13 zum Mes- verschiedene Teile einer ersten Spur projiziert
sen des mittleren Abstands zwischen den ersten werden; erste Spurfuhrungen,
mit denen das          und zweiten Spuren, indem die weiteren Schritte
Licht gemessen wird, das von den ersten und    66   enthalten  sind:
Vorsehen  einer steuerbaren 12    23                   0 081  786
24 9     Justierunrg der Richtung des LichtstrahlenbOn-        rise en ce
que le moyen photodetecteur precite dels, so daB der im wesentlichen
konstante late-     est positionne afin de detecter la lumiere du point
rale Abstand des Lichtpunktes auf dem Medium         precite refl6chie a
travers la lentille d'objectif steuerbar bezuglich der zweiten Spur
innerhalb       precitee. eines Bereichs eingestellt werdekn kann, der min-
5  6. Dispositif selon la revendication 1, caracte- destens einen Tail der
ersten Spur enth31t.          rise en ce que le moyen suiveur precite corn-
15. Ein Verfahren zum  Messen  des Ab-             prend: un second moyen
de lumiere pour projeter stands zwischen parallelen Informationsspuren
un second point et un troisibme point de lumiAre auf einem
lnformationsaufzeichnungsmedium,          sur des parties differentes de la
seconde piste indem  die Schritte enthalten sind: Projizieren    10
pr6cit6e; et un moyen d'asservissement repon- eines ersten und zweiten
Lichtpunkts auf ver-        dant a la lumiere des second et troisieme
points schiedene Teile einer ersten Spur; Feststellen des   de lumiere
reflechis du milieu pour maintenir les Lichts, das vom ersten und zweiten
Lichtpunkt an     positions relative des second et troisibme points dem
Medium in einer ersten vorbestimmten Rich-       de lumniere par rapport a
la seconde piste. tung reflektiert wurde; Steuern der relativen, late-   75
7. Dispositif selon la revendication 5, caracte- ralen Position des ersten
und des zweiten Licht-     rise en ce que le second moyen de lumiere
precite punkts bezuglich der ersten Spur; Projizieren        comprend un
reseau de diffraction pour separer eines dritten und eines vierten
Lichtpunkts auf      la lumiere du premier moyen de lumiere precite
verschiedene Teile einer zweiten Spur parallel zur   en trois faisceaux de
lumiere associes aux pre- ersten Spur; Feststellen des Lichts, das vom
20    mier, second at troisibme points de lumiere sur le dritten und
vierten Lichtpunkt an dem Medium in      milieu d,'enregistrement precite.
einer zweiten vorbestimmten Richtung reflektiert       8. Dispositif selon
l'une des revendications 1 A wurde; Steuern der relativen lateralen
Position      7, pour mesurer une condition d'ecart exqessive- des dritten
und vierten Lichtpunkts bezuglich der    ment proche entre les premiere et
seconde pistes zweiten Spur; Erzeugen eines Ausgangssignals   25
prdcilees, caracterise en ce qua le moyen de als MaB fOr die relative
Position von mindestens     lumiere precite projelle le point pr&cit6 de
lumiere einem der dritten und vierten Lichtpunkte bezug-     sur le milieu
precite A un emplacement predeter- lich mindestens aines der ersten und
zweiten         min6 normalement intermediaire aux premibre et Lichtpunkte
und Erzeugen einer Relativbewegung       seconde pistes. zwischen den
Lichtpunkten urnd dem Medium in   30      9. Dispositif selon la
revendication 8, caracte- einer Richtung parallel zur ersten Spur.
rise en ce qu'il comprend de plus: un moyen de comparaison relie au moyen
photodetecteur pre- Revendications
cite pour contr6ler le signal electrique precite et produire une sortie
lorsque le signal electrique 1. Dispositif pour mesurer 1'6cart entre des
36.   alleint un niveau predetermine; et un moyen pistes adjacentes
d'information sur un milieu        indicateur pour produire une indication
qua le d'enregistrement d'information, caracterise en ce    moyen de
comparaison a produit un signal de qu'il comprend: un moyen de lumiere pour
proje-      sortie. ter un point de lumibre sur au moins une partie
10. Dispositif selon l'une des revendications 1 A d'une premiere piste; un
moyen photodetecteur   40   7, pour mesurer l'ecart moyen entre les
premiere pour produire un signal electrique representatif     et seconde
pistes pr6cit6es, caracterise en ce qu'il d'une caracteristique de la
lumikre dudit point      comprend de plus: un moyen de reglage de emergeant
du milieu dans une direction predeter-     faisceau lumineux pour produire
un adjustment minea; des moyens suiveurs pour maintenir un
controlable de la direction du faisceau de lumiere dcartlatdral
sensiblement constant dudit point de    4    du moyen de lumiere pr6cite,
de sorte qua la lumiere d'une seconde piste parallele A la pre-
position laterale sensiblement constante precitee miere piste; et un moyen
de balayage pour            du point de lumiere peut etre localisee de
facon produire un d6placement relatif entre Is moyen       contr6lable par
rapport a la seconde piste precit~e de lumiAre et le milieu dans une
direction paral-    dans une gamme qui comprend au moins une lAlea  la
seconde piste.                       so    partie de la premiAre piste. 2.
Dispositif selon la revendication 1, caracte-      11. Dispositif pour
mesurer l'6cart entre des rise en ce qua le moyen photodetecteur precite
pistes d'information adjacentes sur un mileu comprend un moyen pour
produire un signal             d'entregistrement d'information, caracterise
en electrique representatif de la quantite de lumiere   ce qu'il comprend:
un moyen de lumiere pour du point precite refl~chie du milieu dans une
55    projeter des premier at second spots de lumiAre direction
predeterminee.                              sur des parties differentes
d'une premibre piste; 3. Dispositif selon la revendication 1, caracte-
un premier moyen suiveur pour detecter la 



rise en ce qua le moyen de lumiere precite           lumiere des premier et
second points de lumiere comprend une source de lumibre laser.
reflechis par le milieu dans une direction prede- 4. Dispositif selon la
revendication 3, caracte-   60   terminee et pour controler la position des
points rise en ce que le moyen de lumiere comprend          de lumiere afin
de maintenir les points de lumiere egalement une lentille d'objectif pour
focaliser la   A des positions laterales predeterminees sur la lumiAre
laser precitee sur la surface d'information  premiare piste; un second
moyen de lumiAre du milieu d'enregistrement precite.                   pour
projeter des troisiAme et quatrieme points 5. Dispositif selon la
revendication 4, caractd-   65    de lumikre sur des parties differentes
d'une 13    25                   0  081  786                       26
seconde piste sensiblement parallele a la pre-         duire un signal
electrique representatif de la mibre piste; un second moyen suiveur pour
quantit6 de lumibre du point reflechie par le detecter la lumibre des
troisibme et quatribme         milieu dans une direction pr6determinee;
mainte- points de lumibre r6flechis par le milieu dans une     nir un ecart
lateral sensiblement constant du direction predeterminee et pour maintenir
les'   5    point de lumibre d'une seconde piste parallble A la *
troisibme et quatrieme points de lumibre sur la        premiere piste; et
produire un mouvement relatif seconde piste a des positions lat6rales
pr6deter-      entre le point de lumibre et le milieu dans une min6es, et
pour produire un signal de sortie           direction parallble A la
seconde piste. representatif de la position d'au moins l'un des         14.
Procede selon la revendication 13 pour troisibme et quatribme points de
lumibre par    10    mesurer I'6cart moyen entre les premibre et rapport a
au moins l'un des premier et second          seconde pistes, caracteris6 en
ce qu'il consiste de points de lumibre; et un moyen de balayage pour
plus A: produire un ajustement contr6lable de la g          ~~~~produire un
deplacement relatif entre les points    direction du faisceau de lumiere,
de sorte que de lumibre et le milieu dans une direction paral-     I'ecart
lateral sensiblement constant du point de ie a la premiere piste.
15   lumiere sur le milieu peut etre localise de facon 12. Dispositif pour
mesurer 1'6cart entre un         contr6lable par rapport a la seconde piste
dans certain nombre de pistes d'information parallbles      une gamme qui
comprend au moins une partie de sur un milieu d'enregistrement
d'information,         la premibre piste. caracterise en ce qu'il comprend:
un moyen de            15. Proc6de pour mesurer l'cart entre des lumibre
pour projeter des premier et second    20    pistes d'information
paralleles sur un milieu d'en- points de lumiere sur des parties
differentes          registrement d'information, caracterise en ce qu'il
d'une premibre piste; un moyen photodetecteur          consiste a: projeter
des premibre et second points pour produire des premier et second signaux
de lumiere sur des parties differentes d'une pre- 6lectriques
representatifs de la quantite de           mibre piste; detecter la lumibre
des premier et lumibre des premier et second points de lumiere,   25
second points de lumiere reflechis par le milieu respectivement, reflechis
par le milieu dans une       dans une premiere direction  predetermin6e;
direction  predeterminee; un  moyen  suiveur           controler les
positions laterales relatives des pre- repondant aux premier et second
signaux electri-       mier et second points de lumibre par rapport a la
ques pour maintenir les premier et second points       premibre piste;
projeter des troisibme et qua- A               de lumibre a des premieres
positions laterales    30   tribme points de lumibre sur des parties diffe-
predeterminees par rapport A la premiere piste; et     rentes d'une seconde
piste parallble A la premibre un moyen de balayage pour produire un
deplace-         piste; detecter la lumiere des troisibme et qua- ment
relatif entre les points de lumibre des          trieme points de lumibre
reflechis par le milieu premieres positions laterales predeterminees par
dans une seconde direction  predeterminee; rapport A la premiere piste pour
frapper une    35    contr6ler la position laterale relative des troi-
seconde piste parallele A la premibre piste, et        sieme et quatrieme
points de lumiere par rapport pour convoyer les points de lumibre aux pre-
A la seconde piste; produire un signal de sortie mibres positions
predeterminees aprbs un inter-       representatif de la position relative
d'au moins valle de temps predetermine.                           l'un des
troisibme et quatrieme points de lumibre 13. Procede pour mesurer 1'6cart
entre des    40    par rapport A au moins l'un des premier et second pistes
d'information adjacentes sur un milieu          points de lumibre; et
produire un mouvement ..d'enregistrement d'information, caracterise en ce
relatif entre [es points de lumibre et le milieu dans qu'il consiste A:
projeter un point de lumiere sur     une direction parallble a lapremibre
piste. au moins une partie d'une premibre piste; pro- 45 50 55 60 65 14    


